Representing the most potent antigen-presenting cells, dendritic cells (DC) can now be generated from human blood monocytes. We recently presented a novel protocol employing GM-CSF, IL-4, and IFN-y to differentiate monocyte-derived DC in vitro. Here, such cells are characterized in detail.
INTRODUCTION
We recently presented cumulative evidence for the myelomonocytic origin of dendritic cells (DC) that belong to the functional entity of professional antigen-presenting cells (APC) (Peters et al., 1996) . Partly resolving the controversy on the ontogenetic pathway of DC recruitment, there is now sufficient proof for their differentiation from myeloid precursors. Accordingly, both DC or their migratory counterparts expressing cytoplasmic veils, were generated in vitro both from myeloid-lineage-type bone marrow precursors Reid et al., 1992; Santiago-Schwarz et al., 1992; Inaba et al., 1993; Romani et al., 1994; Chen-Woan et al., 1996) as well as late blood monocytes (Gieseler, 1987; Peters et al., 1987; Kabel et al., 1989; Thomas et al., 1993; Zhou and Tedder, 1996) .
Thus, large numbers of DC can now be generated from myelomonocytic progeny. It should be noted, however, that this does not rule out the possible differentiation of DC from nonmyeloid lineages (Steinman and Cohn, 1973; Steinman, 1991) , perhaps even common with T-cell progenitors (Ardavin et al., 1993; O'Neill, 1994) . Future studies will help to classify such observations, which may, for the time being, be regarded as hints toward the complex regulation and integration of antigen specificity.
In any case, depending on the nature and composition of environmental stimuli, monocytes may be induced to differentiate into either of the two major classes of professional APC, that is, DC or macrophages (Mq) (Peters et al., , 1996 . Because DC and Mq are crucial for directing the course of immunity, the genetic program underlying their developmental dichotomy is to be regarded as a major cornerstone of immune regulation.
Moreover, as to the diverse conditions in the various anatomic sites, local monocyte differentiation should even result in a broad spectrum of phenotypes, rather than only two idealized cell populations. Indeed, this deduction has long been verified empirically, suggesting that the actual tissue shapes its characteristic APC compartment (e.g., Franklin et al., 1986) . This is consistent with the finding that, for example, DC obtained from spleen and Peyer's patches profoundly differ in their preferential activation of T-helper 1 (Thl) or Th2 cells (Everson et al., 1996) .
Studying the effect of growth factors and cytokines on isolated monocytes thus appears suitable to identify signals controlling the development of discrete myeloid APC types. As to the thought pathway sketched before, such molecules would induce basic DC or Mq differentiation as well as fine-tune their tissue-specific maturation. The past years then brought about several culture systems for the generation of monocyte-derived DC (MoDC) in the presence of selected factors (cf. Peters et al., 1996) . One of the generally accepted protocols employs a combination of granulocyte-macrophage colony-stimulating factor (GM-CSF) and interleukin-4 (IL-4), leading to CD l a and CD14-or CD14 'im DC that are able to induce mycobacterium-and tetanus-toxin-specific T-cell proliferation, as well as mixed leukocyte responses (Porcelli et al., 1992; Ruppert et al., 1993; Romani et al., 1994; Sallusto and Lanzavecchia, 1994; Steinbach et al., 1995; Kiertscher and Roth, 1996) .
We then proceeded to question whether interferon y (IFN-y), which upregulates the expression of major histocompatibility complex (MHC) class II molecules, might support the functionality of MoDC. This working hypothesis could be verified when culturing monocytes with GM-CSF, IL-4, and IFN-T, which gave rise to DC strongly supporting a mixed leukocyte reaction (Xu et al., 1995) .
This paper now presents a phenotypic characterization of freshly isolated monocytes, and the MoDC (including both DC and veiled cells) generated from them by action of GM-CSF, IL-4, and IFN-y. Starting with the third day of culture, part of such cells began to detach and gave rise to a second population of suspended cells that, 1 to 2 days later, plateaued at --30% of the total cell number. These nonadherent cells had ovoid, bluntly branched cell bodies exhibiting abundant cytoplasmic veils. Veil structures appeared to mainly bud from such projections (Figure 1 ), which may correspond to the dendritiform ramifications during the adherent cell stage.
Third, we observed a small proportion of--5% strongly adherent Mq. The majority of these cells were stretched in shape with a broad footlike projection on one of the cell poles. Mq) were larger than dendritic and veiled cells and, unlike these, exhibited abundant perinuclear lysosomes and occasional vacuolization. These Mq revealed some very interesting features deserving special consideration and are presented in detail elsewhere . (Knight et al., 1986) or veiled cells from afferent lymph (Barfoot et al., 1989) or colonic lamina propria (Pavli et al., 1993 Figure 4C ). Also, although culture may lead to the expression of higher levels of HLA-DP and-DQ (Brooks and Moore, 1988 , and Figure 4B ), the percentages of monocytes positive for these gene products were evidently lower than those detected with the MoDC, of which virtually all cells coexpressed HLA-DR,-DP, and -DQ ( Figure 6 ). Importantly, veiled cells suspended in culture expressed even higher amounts of HLA-DR and -DP, that is, a peak of strong DR expression on the far right of the histogram, and a shoulder of DP expression at AMFI --700 ( Figure 4C ). Similarly, the expression of MHC class I (HLA-A,-B,-C) strongly (Figure 7 ). These data complement those presented in our previous study (Xu et al., 1995) . Also, we recently were able to show that MoDC generated by action of GM-CSF, IL-4, and IFN-y are as well able to stimulate autologous antigen-specific T-cell proliferation (Soruri et al., 1998) .
DISCUSSION
The present study shows that DC and veiled cells can be generated from blood monocytes in the presence of (Zhou and Tedder, 1996) , which corroborates previous results , and is in line with the fact that bonemarrow precursors must pass a transient monocyte stage before acquiring DC characteristics . It was also observed that prolonged culture of MoDC leads to their transition into large, round Mq-like cells (Zhou and Tedder, 1996) . This matches the finding that highly stimulatory DC, as derived from human monocytes in the presence of a placental medium supplement, can be triggered to develop into Mq by action of M-CSF, whereby accessory activity is completely abrogated from such cultures (Gieseler, 1987) . A serial monocyte DC Mq transition could as well be achieved by the addition of serum to human or rat DC derived from myeloid precursors (Gieseler, 1987; Najar et al., 1990; Gieseler et al., 1991; Peters et al., 1991) .
As to their course of differentiation, DC generated in the presence of GM-CSF, IL-4, and TNF-ce first downregulate CD14, then become CDla+, again downregulate CDla, and eventually express CD83. At this stage, the MoDC additionally acquire CD45R0 (Zhou and Tedder, 1996 where the low-density subsets of both ce//3-TCR and T/6-TCR intraepithelial lymphocytes spontaneously produce the Thl mediator IFN-T (Yamamoto et al., 1993), whereas DC from Peyer's patches predominantly induce the production of Th2 cytokines such as IL-4 (Everson et al., 1996) . We therefore suggest that monocyte-derived cells obtained by action of GM-CSF, IL-4, and IFN-y may resemble mucosal enteric DC. The retention of low amounts of CD32 FcyR II) on these cells, as opposed to human colonic DC in situ (Pavli et al., 1993) , may well be due to the low concentration of cytokines employed. We currently address this issue in our experiments.
Most interestingly, and in contrast to epidermal Langerhans cells, DC freshly isolated from the colonic lamina propria are potent MLR stimulators (Pavli et al., 1993) . This feature identifies mucosal Langerhanslike cells as mature DC and is in line with their CDla-negative phenotype (Graeme-Cook et al., 1993) . It therefore is suggested that the mucosalbased lymphoid tissue functions as a genuine lymphoid organ that directly borders to the outer world.
That microenvironmental conditions imprint on the local cells' character is vividly demonstrated by experiments employing GM-CSF. This factor not only supports the differentiation of DC from monocytic precursors; it also effects the functional maturation of immature DC. Accordingly, GM-CSF induces isolated skin Langerhans cells to stimulate an immune response (Witmer-Pack et al., 1987) , whereas, in contrast to this, liver-derived immature DC are induced to mature into tolerogenizing DC (Rastellini et al., 1995) . Therefore, the functional repertory initiated by GM-CSF (and, probably, other factors) on terminal DC maturation obviously depends on the microenvironmental conditions shaping their immature precursors.
Correspondingly, to provide artificial microenvironments in vitro may allow to mimick conditions encountered in discrete tissues and has the potential to generate site-specific (and functionally diverse) DC subsets. Should the MoDC described in this study approximate to mucosal-type DC, they may serve as a starting point from, which to proceed toward an optimized culture protocol.
Future prospects for such cells are evident. Some involve the establishment of in-vitro systems to mimick the tolerogenizing properties of the oral mucosa, which might be employed in the treatment of autoaggression. Others may allow a more specific investigation or treatment of mucosal-based immunopathologic disorders, such as the chronic inflammatory bowel diseases. 
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